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Current Biology 26, R543-R576, July 11, 2016 be repaired, replaced and renewed, and in principle this renewal could go on indefi nitely. And at least in the freshwater polyp Hydra, there don't seem to be any signs of senescence.
But from an evolutionary perspective, things look different. Typically, many organisms die before they reach old age, due to circumstances beyond their control, like being eaten by someone else. This means that mutations that might weaken or even kill the organism at a late stage of life are no longer weeded out by selection and accumulate in the population. And likewise, there is selection for mutations that increase fi tness early in life, even if they have opposite, negative effects on survival later in life.
From an evolutionary point of view, ageing and death appear to be all but inevitable. Semelparous organisms are no exception. But a sudden, probably self-regulated death after reproduction can only evolve if it entails some sort of fi tness benefi t for the dying. And what precisely these benefi ts might be for the female octopus isn't clear.
Eventually, the octopus' controlled death mechanism, no matter how it works and how it evolved, is yet another example of the reign of death over the lives of animals. This is because the evolution of semelparity itself is thought to be a consequence of age-specifi c patterns of mortality, where adults suffer a comparatively higher risk of death than juveniles, such that it becomes more worthwhile for them to invest as much as possible of their resources into a single 'big bang' of reproduction. No matter how you fl ip it, death reigns over life and evolving organisms really exemplify that Heideggerian notion of Being-Toward-Death. And of course, ultimately, a large swathe of the evolutionary adaptations that characterise the diversity of life on earth are nothing but devices to escape death.
This dark force of biology is what our special issue tries to cast some light on, in its many guises.
Florian Maderspacher is Current Biology's senior reviews editor. E-mail: fl orian.maderspacher@current-biology.com Gabriel Max (1840-1915) was a highly respected and sought-after painter in late 19 th century Germany, to the extent that he could afford to entertain expensive hobbies, such as studying anthropology, which he did in several ways, including by keeping a herd of monkeys at his villa in Ammerland, on the shores of Lake Starnberg near Munich, and by collecting relevant objects from around the world. By the end of his life, this collection comprised around 60,000 objects, including hundreds of human skulls and mummifi ed heads, most of which he had bought from travelling merchants and scientists in the 1870s.
The artist, who had been knighted as Gabriel Ritter von Max in 1900, wanted his collection to be kept intact after his death, which was a task beyond the means of his family. The city of Mannheim bought the complete
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Heads of the dead
The most recognisable and iconic part of the human skeleton, the skull and its representations have served many different functions in cultures around the world and through the ages, refl ecting different ways of dealing with death and remembering family, friends and foes. Michael Gross reports.
Current Biology 26, R543-R576, July 11, 2016 R545 collection in 1917, but in 1935 around 500 skulls were sent to the University of Freiburg in a swap arrangement. These skulls were presumed missing after World War II. Only in 2008 did museum offi cials realise that they were still in their storage, they had only been mislabelled as part of a different collection.
In 2009, the skulls returned to Mannheim to be reunited with the remainder of Max's collections, which are now in the possession of the ReissEngelhorn museums in that city. Many of them were subjected to detailed scientifi c analyses for the fi rst time under the German Mummy Project. From July 2015 to May 2016, some 250 skulls and heads from the collection were at the heart of the exhibition The SkullIcon. Myth. Cult. at the UNESCO World Heritage Site Völklingen Ironworks near Saarbrücken, Germany. Displayed in a spectacular juxtaposition with enormous machines, these heads originating from a variety of cultures and different times challenged the more than 80,000 visitors of the exhibition to refl ect on their own identity and mortality. But can the heads of the dead tell us more about the human condition and the cultures that fi rst severed and then preserved them?
Heads as deterrent
Why would anybody keep the heads of the dead? Even if ancient cultures did not know much about the function of the brain, many suspected that the mind, soul, or spiritual essence of a person was located there, and they would of course appreciate that people are most readily recognised by their faces. Thus, if preserving the whole body is too much trouble, keeping a mummifi ed head is second best. Severed heads instantaneously convey the two crucial pieces of information, namely the identity of the beheaded and the undeniable evidence of their death. Few killing procedures make the irreversibility more strikingly obvious than decapitation and display of the severed head. Therefore, heads and skulls have been displayed as punishment and deterrent in many cultures around the world.
In Europe, examples range from Celtic tribes to Guy Fawkes of the gunpowder plot and the casualties of various revolutions. Celtic warriors gained a reputation of carrying heads of slain enemies around with them, often suspended from their horses. The Roman historian Livius reports that in the battle of Clusium in 295 BC the ruling consuls learned of their impending doom when they saw Celtic horsemen approaching with heads on pikes as well as dangling from the necks of their horses.
In Ireland, the Celtic tradition of using the heads of dead enemies to frighten those still alive is reported in many myths and legends and survived into the Middle Ages. In the Balkans, where both the Ottoman Empire and its Christian neighbours were known for drastic measures, the use of heads to terrorise the enemy has even been reported in the 19 th century. The head (Latin caput, capitis) also makes its appearance in the term 'capital punishment', hinting at the methods widely used throughout history. Cultural differences are apparent, as in parts of Europe decapitation was considered an honourable death and reserved for persons of noble origin (such as certain wives of Henry VIII), while in China the separation of head and body is considered an extremely dishonourable event. At present, Saudi Arabia is the only state that still practices judicial decapitation, which takes place in public but must not be photographed or fi lmed. Notoriously, the militant group ISIS is known to use decapitation videos designed to spread terror, connecting to a long tradition of cutting off heads to frighten enemies.
Capturing spirits
Similarly, but under a more positive sign, preservation of heads, before the invention of photography, could help to keep the memory of respected members of the family or the clan alive. Burials separating the head from the rest of the body, presumably to give it special treatment, have been reported from archaeological sites dating back up to 10,000 years. Wax masks made of the faces of the deceased may be an echo of such traditions, and in the early days of photography, when child mortality in Europe was still high, families sometimes posed with a dead child if they hadn't had the opportunity to have the picture taken in their short lifespan.
If we metaphorically say that a representation of a deceased friend or relative may capture their spirit, native tribes in South America and Oceania took that much more literally. The Shuar and Achaur tribes in the upper Amazon region of Ecuador, for instance, maintained an elaborate headhunting culture based on their belief in spirits residing in people's heads.
The two tribes, although similar in their lifestyles and philosophy, cultivated a long-standing hostility which included decapitating male members of the other tribe and using them for the preparation of a tsantsa, or shrunken head. The belief shared by both groups was that men held several kinds of souls, as Laura Peers from Oxford University explained in a brochure on the shrunken heads displayed at the Pitt Rivers Museum in Oxford (Shrunken Heads, 2011).
Men acquired their arutam soul by dreaming. This one inspired them to form war parties and hunt enemy heads. A second kind of soul, the muisak, is generated when a man with an arutam is killed. This is a kind of vengeance soul. While bringing home the trophy head was believed to confer powers of the dead enemy to the victorious headhunters, these had to take very specifi c precautions to make sure that the vengeful muisak stayed locked inside the head.
In contrast to the European obsession with skulls, their procedure involved removal of the skull, which was discarded. Hair, skin and face were kept, soaked in hot water and then fi lled with hot sand. In order to keep the muisak from looking out or escaping, the eyes were sewn shut, the lips were pinned, and the skin rubbed with charcoal. The clan of the trophy-taker would hold three ritual feasts in an extended time frame which could span more than a year.
In the end, the muisak would be expelled from the tsantsa, so the trophy would end up as an object of no interest to the tribe, which explains why they happily traded them in, allowing them to end up in museums around the Western world.
Unlike Australia's aborigines and some of North America's indigenous groups, the Shuar and Achaur have never claimed any of these trophies back or objected to their display. Still, there is a range of ethical issues around the way they have been acquired and ended up in museums. One of them is that the demand for such tsantsas in the late 19 th century created a boom in their production. There is the uncomfortable possibility that some of the victims were killed only because there were buyers eager to acquire tsantsas. In fact, the term 'headhunter' dates from that period, suggesting that the market created an opportunity -and victims. Another way to satisfy a growing demand was to use unclaimed bodies from morgues. Even animal materials were used in the production of fake tsantsas.
Then there is the general issue as to whether it is appropriate to exhibit human remains in museums. So far, the Pitt Rivers and other similar museums have answered this with the special public and scientifi c interest of exhibits that illustrate unique cultural traits, so the shrunken heads, which have always been very popular with museum visitors, remain on show. In an attempt to avoid stereotyping the Amazonian tribes as barbaric, the museum placed an illustration of the impaled heads of Guy Fawkes and his co-conspirators next to the tsantsas.
The fact that many of us fi nd these artefacts fascinating, even if we're unsure whether it is appropriate to expose them, also refl ects on our own culture's attitudes to death and spirituality. Objectively, they are dead cells, but deep down some connection with the spiritual beliefs of our distant ancestors may account for the expectation that a mummifi ed head deserves much more respectful treatment than other types of dead cells, such as an amputated limb or clipped fi ngernails.
Scientifi c methods of the 20 th century have produced their own methods of Current Biology 26, R543-R576, July 11, 2016 R547 trying to capture the spirits of dead people. Thus, brains of a number of exceptional individuals, including the mathematicians Carl Friedrich Gauss and Sofi a Kovalevskaya, and, most famously, Albert Einstein, have been preserved in the hope that one day science might be able to fi gure out where their unusual ideas came from. Although a number of scientifi c papers, including some recent ones applying state-of-the art imaging methods to samples of Einstein's brain, have reported conspicuous structural properties compared with control specimens (Brain (2013 (Brain ( ) 136, 1304 (Brain ( -1327 Brain (2014) 137, 1-8), such investigations in general have been criticised for the inevitable biases and the lack of evidence backing the functional relevance of any structural differences found. So far, science hasn't been able to capture Einstein's spirit any better than that of the unfortunate Amazonian people who were killed by headhunters.
Sculpting on skulls
While the Amazonian headhunters mentioned above removed the skull during their ritual processing of head trophies, some Oceanian tribes have tended to keep only the skull and remodel the face on that foundation. The Latmul in the Sepik region of Papua New Guinea, exhumed their high-ranking dead some time after burial to retrieve the skull. They used clay, bones, shells and paint to sculpt three-dimensional portraits onto the skull, following their beauty ideals more than the actual likeness of the deceased. Some of these so-called overmodelled skulls ended up in Gabriel Max's collection and were shown at the recent exhibition at the Völklingen Ironworks.
In modern society, similar skills serve to reconstruct the faces of unidentifi ed murder victims after long periods of burial and decay. The photographer Arne Svenson from New York has spent several years travelling around the US and Mexico documenting the skilfully reconstructed heads of unidentifi ed victims. His photos have recently appeared as a book (Unspeaking Likeness, Twin Palms, 2016) . In 12 of the 50 cases featured in his book, the victims have been identifi ed thanks to the sculpted faces. Thus, the sheer bone structure of the skull contains enough information for the forensic experts to recreate the face of the living personeven though to the rest of us the skull mainly carries one meaning: death.
Memento mori
Although Christian ethics weaned Europeans off their habit of using enemies' heads as deterrent, the display of skulls and their images as a reminder of our mortality has survived in many variants and contexts. Renaissance painters included skulls in still lives refl ecting on the futility of human lives (known as the vanitas category), and in old churchyards there is still the occasional skull to be found engraved in headstones, reminding the visitors of their own mortality.
The schematic depiction of the skull and bones appeared in the early 18 th century in the black fl ag of pirate ships, the Jolly Roger, and is today still widely used -as an offi cial symbol to mark toxic chemicals.
Decorative and edible representations of skulls are omnipresent in the celebrations of the Mexican Day of the Dead, which has its roots in preColumbian traditions and echoes the skull representations in Aztec art. Some allegedly pre-Columbian crystal skulls traded by European antiques dealers in the 19th century and sold to several prestigious museums have been exposed as 19th century falsifi cations, however. In addition to evidence for the use of modern tools, sculpting of the faces based on the skull structure has proven useful to identify the likely origin of the skulls that these artefacts were modelled on.
In a more recent example of how depictions of skulls can exercise the imagination and stir controversy, the British artist Damian Hirst created a platinum cast of a real human skull and covered it in diamonds, claiming Aztec sculptures as his inspiration and calling the resulting oeuvre For the Love of God. Some art critics dismissed the glittery skull as vulgar, and the artist reportedly struggled to fi nd a buyer at the asking price of £50 millionpossibly because there is no shortage of more imaginative skull sculptures priced several orders of magnitude lower.
The success of the skull as a globally understood icon probably relies on several factors, including its easy recognisability as human yet no longer alive, which instantaneously establishes a connection between the dead and the living, like Hamlet does in one of the most famous scenes of Shakespeare's play, when he holds the skull of the court jester Yorick. It has an almost human face, with the wide eye sockets contributing an element of neoteny, the visual scheme that tempts us to fi nd everything cute that resembles a newborn baby, and yet it is visibly hollow, devoid of life, demonstrating the emptiness of death.
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